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APPLICATION 
FOR 

SYSTEMS AND METHOD FOR FORMING A SERVO 
PATTERN ON A MAGNETIC TAPE 



TO ALL WHOM IT MAY CONCERN: 

Be it known that Hong Chen, Joseph M. Panish, Tzuo-Chang Lee and Leo 
Cappabianco has invented certain improvements in SYSTEMS AND METHOD FOR 
FORMING A SERVO PATTERN ON A MAGNETIC TAPE, of which the 
following description in connection with the accompanying drawings is a specification, 
like reference characters on the drawings indicating like parts in the several figures. 



Reference to Related Applications 

This application claims priority to earlier filed US Patent Application 
09/046,723, entitled "Multi-Channel Magnetic Tape System Having Optical Tracking 
Servo", filed 24 March 1998, and naming Joseph Panish as an inventor, the disclosure of 
which is incorporated by reference. 

Field of the invention 

The invention relates to systems and methods for manufacturing recording tape, 
and more specifically, to systems and methods for formatting a recording tape with 
servo tracks. 

Background of the Invention 

Digital tape recording remains a viable solution for storage of massive amounts 
of data. Conventionally, at least two approaches are employed for recording digital 
information onto magnetic recording tape. One approach calls for moving the tape past 
a rotating head structure which records and plays back user information from 
discontinuous transverse tracks. Interactive servo systems are employed to synchronize 
rotation of the head structure with travel of the tape. Another approach is to draw the 
tape across a non-rotating head at a considerable linear velocity. This approach is 
sometimes referred to as linear "streaming" tape recording and playback. 

Increased data storage capacity and retrieval performance is being required of all 
commercially viable mass storage devices and media. In the case of linear tape 
recording, a popular trend is toward multi-head, multi-channel fixed head structures 
with narrowed recording gaps and track widths. Such narrow recording heads allow 
many linear tracks to be formed on a tape medium of predetermined width, such as one- 
half inch width tape. Tape substrates are also being made thinner, with increased tape 
lengths being made possible in small diameter reel packages. 

Because of a relatively high linear tape velocity and because tape substrates 
continue to be made thinner and thinner, guiding tape past a tape head structure along an 
accurate invariant linear path has proven to be highly problematical. One error 
phenomena is known as "lateral tape motion" or "LTM." LTM is a major source of 
tracking errors in linear tape recording. One proposed approach to minimizing LTM 
tracking errors includes printing servo tracks onto the tape, to allow a control system to 



maintain fine control over the alignment between the recording head and data tracks 
associated with the servo tracks. Such a system is described in the above identified U.S. 
Patent Application "Multi-Channel Magnetic Tape System Having Optimal Tracking 
Servo." 



5 As described therein, a system can compensate for lateral tape movement by 

employing a servo mechanism to record data onto a magnetic tape that is preformatted 
with a suitable servo pattern. Such pre-formatting allows a user to insert a tape into an 
existing tape drive and immediately begin recording data without having to first format 
the tape, thus avoiding what can be a time consuming process. Thus, preformatted tapes 
10 can hold more data and save time for a user. However, the success of the system 

depends in part on the ability to accurately format a tape with a set of servo tracks. 

Thus, there is a need in the act for systems that can accurately and efficiently 
ki format a magnetic tape with one or more servo tracks. 

E 15 

B% Summary of The Invention 

% The systems, methods and products of the invention include systems and 

e. methods for manufacturing servo tracks on a magnetic tape. In one aspect, the invention 

ft includes systems for manufacturing magnetic tapes having servo tracks thereon wherein 

W20 the servo tracks are optically detectable and are capable of being processed by a servo 

2 control system for maintaining alignment of a magnetic recording head with the data 

yj tracks on the recording side of the magnetic tape. In one practice, the manufacturing 

systems described herein engrave the servo tracks onto the non-recording side of a 
magnetic tape by directing a laser beam at the non-recording side of the magnetic tape. 
25 In another practice, the manufacturing systems described herein engrave the servo tracks 

onto the magnetic side of a magnetic tape by directing a laser beam at the magnetic side 
of the magnetic tape. Such engraved patterns can act as optical servo tracks for 
maintaining alignment of the recording head with the data tracks on the magnetic tape. 



30 In alternative processes, a servo track can be printed onto the tape by operation 

of an ink jet printer that delivers onto the surface of the magnetic tape a material capable 
of leaving an optically detectable mark on the tape. In still other practices, a servo track 
can be embossed onto the magnetic tape to provide the servo track. 



-2- 



In general, the systems and methods described herein engrave multiple servo 
tracks onto a magnetic tape to provide alignment information for a plurality of data 
tracks. The tracks can be grouped into a plurality of bands, with the bands extending 
across the width of the tape. For example, in one practice the methods described herein 
are applied to generate a magnetic tape with four bands, each band including seventeen 
servo tracks to provide sixty-eight servo tracks in all. 

Brief Description of the Drawings 

The foregoing and other objects and advantages of the invention will be 
appreciated more fully from the following further description thereof, with reference to 
the accompanying drawings wherein; 

Fig. 1 depicts a function block diagram of one system for manufacturing a tape 
that has servo tracks thereon; 

Fig. 2 depicts in more detail an optical engraving mechanism suitable for use 
with the system of Fig. 1 for marking a servo pattern onto a magnetic tape; 

Fig. 3 depicts one pattern for a servo track that can be formed on a tape by 
employing a system such as that depicted in Fig. 1 ; 

Fig. 4 depicts in greater detail the servo track depicted in Fig. 3; 

Fig. 5 depicts one practice for adjusting the pitch between marks in a servo track; 

Fig. 6 depicts a further practice for adjusting the pitch between marks in a servo 
track, and between different bands of servo tracks on a magnetic tape; 

Fig. 7 depicts beam forming optics suitable of use with the optical marking 
mechanism shown in Fig.2. 

Fig. 8 depicts one device in which the functions of optical power attenuation and 
power monitoring in the beam former described in Fig.7 are combined. 



Fig. 9 depicts one pattern generator suitable for use with the optical marking 
mechanism of Fig.2, in which angularly separated beams corresponding to the bands and 
the tracks within a band are both formed by diffractive optical elements and 
simultaneously focused on the tape. 

Fig. 10 depicts an alternative embodiment of a pattern generator that employs a 
segmented mirror to generate a plurality of parallel beams, followed by a diffractive 
optical element to generate the tracks within each band, and further followed by a lens 
array to focus the beams onto the tape. 

Fig. 1 1 depicts the use of a segmented mirror tilted at about 45 degrees to create 
a number of parallel beams corresponding to the number of bands depicted in Fig.9. 

Fig. 12 depicts one segmented mirror for creating the parallel beams depicted in 

Fig. 9. 

Fig. 13 depicts yet another method of creating a number of parallel beams using 
a two-beam segmented mirror in tandem with an optical birefringent plate. 

Fig. 14 depicts one suitable stabilizer for minimizing tape flutter and tape lateral 
motion. 

Detailed Description of the Illustrated Embodiments 

To provide an overall understanding of the invention, certain illustrative 
embodiments will now be described, including a system for marking a servo pattern 
onto a magnetic tape. In one particular illustrative embodiment, a laser is employed for 
engraving the non-recording surface of a magnetic tape with a plurality of servo tracks, 
each of which can be employed for aligning a recording head to a data track also 
recorded onto the magnetic tape. However, it will be understood by those of ordinary 
skill in the art that the manufacturing methods and systems described herein can be 
adapted and modified to provide alternative systems and methods each suitable for 
marking servo tracks onto the magnetic tape, and each deemed to be within the scope of 
the invention. 



Fig.l shows a functional block diagram of one embodiment of a system for 
forming servos tracks on the magnetic tape. Specifically Fig.l depicts a system 10 that 
employs an optical engraving system to mark a servo tack onto a surface of a magnetic 
tape. Block 12 is the marking unit that includes the optical marking engine, blocks 20 
and 22, and the tape transport whose path 32 is defined by the two spools, 30 and 34, 
and the tape stabilizer 34, which minimizes tape movement at the beam marking area. A 
multiplicity of beams formed by the marking optics is depicted as the triangle 42. Block 
24 is a verifier, which is located downstream from the marking area, and carries out the 
function of direct read after write, thus verifying that marks engraved onto the tape 
surface are appropriately written. Block 14 can be a computer in which resides the 
software that controls the transport control device, the marking laser, and the verifier, 
some or all of which can be mediated via the I/O interface 16. One feature of the 
depicted verifier 24 is that the direct read after write signals can be conditioned and 
processed via a digital signal processor which establishes pass / fail criteria for various 
features of interest. Thus the marking engine either can be de-activated under the most 
severe offense for which correction on the fly is not feasible or, for a milder offense that 
can be corrected on the fly, the failed portion of the tape can be identified and its 
location recorded in the computer. The failed portion of the tape can be discarded during 
a subsequent process. 

Turning to Fig. 2, one optical marking engine for marking servo tracks on the 
magnetic tape is shown in greater detail. Specifically, Fig. 2 depicts a laser 20, and 
optics 22 that include a first optical element 48 and a second optical element 50. Fig. 2 
further depicts that the beam 42 projected from the optics 22 comprises a plurality of 
smaller beams, each of which is focused on the tape 32 for marking a servo track 
thereon. 

The embodiment depicted in Fig. 2 includes a laser 20 that can be a continuous 
wave laser or a pulse laser. The laser 20 can operate at any suitable wavelength, or 
range of wavelengths, and in one particular embodiment is a laser operating in the 
infrared spectrum. 

The laser 20 generates a beam 40 that can be directed into the optics 22. The 
optics 22 can condition the beam 40 to have certain selected characteristics such as 
power and pointing characteristics that are suited to the particular application. In the 



embodiment of Fig. 2, the optics 22 include a diffractive optical element (DOE) 48 that 
splits the high power coherent collimated beam 40 generated by laser 20 into multiple 
beams 52, each substantially of equal power and each diverging from the optical axis 
upon which the beams 40 traveled. To focus the divergent beams, the optics 22 include 
a lens element 50. The lens 50 can be as simple as a conventional plano-convex lens 
with a selected focal length or more complex such as a scanning lens, or an I 0 lens, 
depending on the resolution and field size required. The optics 22 can focus the 
divergent beams 52 to generate the depicted beam pattern 42. The lens 50 acts to focus 
the individual beams 54 that comprise the beam pattern 42 so that each beam 54 focuses 
onto the surface of the magnetic tape 32. The multiple beams 42 generate an array of 
marks on the tape simultaneously. In one embodiment, the laser 20 operates 
continuously and therefore the servo tracks formed by the array of beams 42 include a 
plurality of continuous tracks engraved into the surface of the magnetic tape 32. In an 
alternative embodiment, the laser 20 can be a pulsed laser that can provide intermittent 
beam operations at selected frequencies, and which is capable of intermittently marking 
the surface of the media 42. In this embodiment, the servo track is comprised of a series 
of marks, with each mark being spaced from adjacent marks. 

As can be seen from a review of Fig. 2, the beams 52 diverge from the optical 
axis of the beam 40 after passing through the diffractive optical element (DOE) 48. The 
angle of divergence of the multiple beams 52 from this optical axis turns in part on the 
characteristics of the DOE 48. Typically, a DOE is a planar element that consists of 
zones which retard the incident wave by a modulation of the refractive index or by a 
modulation of the surface profile. The light emitted from the different zones interferes 
and forms the desired wave front. One specific type of DOE is the Fourier array 
generator or fan-out DOE which splits an incident laser beam into multiple beams or an 
array of beams with substantially equal intensity and angular separation. In one such 
particular embodiment, the DOE can be a phase-only element, having multi-level micro 
reliefs ("binary optics") or continuous micro reliefs with features ranging from 
submicron to millimeter dimensions and relief amplitudes of submicrons to microns 
depending on the wavelength of interest. 



As the laser beam 40 is incidents on the DOE, multiple beams 52 are generated. 
The divergence angles of the output beams 52 are determined by 
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where A is the basic 
grating spacial period, k is 

the wave length, and n is the diffraction order: n = 0,±l,±2,...± ^ ^ f° r an 
□ odd (N) numbered DOE and 

"110 n = ±1,±3,... ± (N- 1) for an even (N) numbered DOE. Since the grating period 

p can be precisely controlled within the submicron range in a fabrication process similar 

J to a typical wafer process, high accuracy in the divergence angle can be achieved. 

7" The efficiency and uniformity of the desired output beam are parameters that can 

□15 be optimized by controlling the fine feature and profile within the repeated grating 

=1 period. With known design algorithms and known submicron fabrication techniques, 

H such as e-beam masking, it is understood that one may achieve an efficiency of 75-85% 

% and uniformity within 5%. 

20 The plurality of beams 54 are projected from the lens 50 and focused on the tape 

32. The lens 50 focuses the beams 54 onto the tape media, and the laser provides 
sufficient power to engrave simultaneously an array of marks onto the tape 32. The 
mark position on the tape 32 can be determined by 

25 s w =/tan(6J 
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It will be apparent to those of ordinary skill in the art that many different patterns 
can be employed for forming a suitable servo track onto the magnetic tape. The actual 
servo track marked onto the magnetic tape can vary depending upon the characteristics 
of the particular application at hand. To achieve these different servo track patterns, the 
marking mechanisms employed can be selected to mark the magnetic tape in a way that 
forms the desired servo track pattern. For example, marking mechanisms that employ 
laser engraving, such as the marking mechanism depicted in Fig. 1, can employ different 
optical assemblies to form the particular beam pattern that will mark the tape with the 
servo track pattern of interest. 

One example of the type of servo track pattern that can be formed by the systems 
and methods described herein is depicted in Figs 3 and 4. Turning to Fig. 3, one servo 
track pattern 60 is depicted on a surface of a tape 32, wherein the servo track pattern 60 
comprises a series of servo bands 62, 64, 66 and 68. Each of the servo bands 62 through 
68 extends longitudinally along the length of the tape 32. Each individual band is 
spaced away from its respective adjacent bands, or the edge of the tape 32. Each servo 
band 62 through 68 can correspond to one or more data tracks that can be located on the 
corresponding section of the recording side of the magnetic tape 32. Each band 62 
through 68 can comprise a plurality of servo tracks. This is shown in more detail in Fig. 
4. 

Specifically, Fig. 4 depicts in detail one servo band, such as, for example, servo 
band 62, that can comprise a plurality of servo tracks, each servo track being formed by 
a plurality of marks 70 that can be engraved onto the magnetic tape 32 by a marking 
mechanism, such as a marking mechanism 12 depicted in Fig. 1. As further shown by 
Fig. 4, the servo band 62 comprises seventeen tracks formed of intermittent marks 70. 
Fourteen of the tracks can be employed as servo tracks that correspond to data tracks on 
the corresponding recording side of the magnetic tape 32. Two auxiliary tracks 72 and 
74 can be located at the lower portion of the servo band 62, and an auxiliary track 78 
can be located at the upper edge of the servo band 62. Data tracks can carry data and 
auxiliary tracks can carry control information as well as delimit the edges of the band or 
tape. Each track, such as for example a data track 80, comprises a plurality of marks 70, 
which are spaced apart a uniform distance. In the embodiment depicted in Fig. 4, each 
mark is spaced apart along the tape at about 100 micrometers. Each mark is 
approximately 12 micrometers in diameter and the marks of each track, such as the 



marks 70 of track 80 are spaced approximately 24 micrometers away from the 
corresponding marks 70 of the adjacent servo tracks, such as servo tracks 82 and 84. 



The servo tracks depicted in Fig. 4 extend the full length of the magnetic tape. 
The systems and methods described herein manufacture tape by marking the magnetic 
5 tape with the marks, such as the marks 70 depicted in Fig. 4, to provide optically 

detectable servo tracks. These servo tracks can be employed for aligning recording 
heads with a data track recorded onto the opposite side of the magnetic tape. The servo 
tracks, which in Fig. 4 are spaced micrometers apart, provide for precise alignment of a 
recording head with a data track regardless of the tape lateral motion. Thus more data 
10 tracks can be provided on the magnetic tape, thereby increasing total storage capacity 

for a magnetic tape. The number of servo tracks that are marked onto a magnetic tape 
depends, in part, on the size of the mark, the pitch between marks, and the pitch between 
^ servo tracks. To control these characteristics, the systems and methods described herein 

y provide for marking mechanisms that can adjust the spatial characteristics of the 

p; K 15 patterns generated by the marking mechanisms that form the servo tracks. 

ir*""" 

% Turning now ton to Fig.5, it is shown that the depicted marking mechanism 12 

s of Fig. 2 can include a track pitch adjustment mechanism that can adjust the spatial 

rl characteristics of the patterns being generated. In one practice, the relative pitch, p, 

fy20 between servo tracks can be determined according to the following relationship, 
^ p = A;coscx 

tf? where As is the track pitch at a equal zero degree, and As is dictated by the DOE 

parameters and the focal length of lens, shown 50 in Fig.2. 

25 The track pitch, p, which is representative of the spacing between different servo 

tracks on the tape 32, can be adjusted via the angle a by rotating the DOE 48. To this 
end, the DOE 48 can be mounted on a gimbal, or pivot that allows the DOE 48 to be 
rotated in a clockwise or counterclockwise direction. The gimbal or pivot can be 
motorized with a stepper or DC motor and an encoder and gear box assembly providing 

30 sufficient fine level control over the angle of the DOE 48 relative to the optical axis of 

the beam 40. As will be described below, the motor assembly can be part of a closed 
loop control system that continuously monitors and adjusts the pitch between servo 
tracks engraved onto the tape 32. 
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In a further embodiment, wherein the servo tracks being engraved onto the tape 
32 include a plurality of bands, such as depicted in Fig. 3, the marking mechanism 12 
can include a mechanism for spatially separating or controlling the spatial separation of 
the bands as well as the spatial separation of the individual tracks. Within a servo band, 
the multiple servo tracks have a track pitch of microns to tens of microns. The 
separation between the servo bands is larger, on the order of millimeters. To generate 
such a pattern, the marking mechanism 12 may, in one embodiment, employ two DOEs 
with different divergence angles: one corresponding to track pitch and the other 
corresponding to the band separation. As shown in Fig.6, this embodiment can allow 
rotation of each DOE independently, thereby allowing the control of the pitch between 
servo tracks and bands of servo tracks. Similar to the DOE controlling the track pitch 
described above, this DOE controlling the band separation can be mounted on a gimbal 
or pivot that can be motorized to allow for control of the incidence angle, of light 
passing through the first DOE and entering the second DOE. Both the first and second 
DOEs can be part of a control mechanism that allows for monitoring and controlling the 
relative spatial characteristics of the pitch between servo tracks and pitch between bands 
of servo tracks. In further embodiment, a two dimensional DOE can be designed with 
specified relative orientations that will work with a single fine rotational adjustment. 
Such an embodiment is well suited to an application wherein the beam fan-out that is 
associated with or that corresponds to the band separation is more or less perpendicular 
to the tape motion, while the beam fan-out corresponding to the track separation is at a 
relatively small angle with respect to the tape motion. 

The optical marking mechanism depicted in Fig. 2 consists of the beam forming 
mechanism 20 and the pattern generator 22. One suitable beam forming device is 
depicted in Fig. 7. The beam forming device 100 depicted in Fig. 7 can process a beam 
of light to have the desired power, size and pointing stability. To this end, the beam 
forming device 100 can include the laser 20 that generates a beam of light that, if 
incident on a mirror 102, the mirror 102 can reflect the beam of light to an attenuator 
104. The attenuator 104 can adjust the power level of the beam to achieve a desired 
power setting. The beam passing through the attenuator 104 can be split by the beam 
splitter 110 that passes a substantial portion of the beam power through to a beam 
expander 1 10 and directs a smaller portion of the beam to a detector 108. The detector 
108 can monitor the power, position and pointing of the beam. A closed loop control 
system for the power and pointing characteristics can be applied, optionally, for 
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adjusting these characteristic and thereby controlling characteristic of the marks being 
generated on the tape 32. For example, controlling the power of the beam can impact on 
the size and depth of marks engraved into the surface of the tape 32. 

The depicted beam attenuator 104 can be a zero order half wave retarder and a 
glanz laser polarizer of polarizing beam splitter cube. Additionally, the beam attenuator 
104 can be a neutral density filter. However, any suitable optical element for adjusting 
the power of the beam can be employed without departing from the scope hereof. The 
beam splitter can be a polarizing beam splitter cube or any other suitable element. The 
mirror can be an actuator that comprises a pizeoelectric stage that is mechanically 
connected to the mirror to adjust the angle of reflectance therefrom. The pizeoelectric 
system can couple to a closed loop control system that comprises a servo control 
mechanism that can adjust the orientation of the mirror for varying the beam pointing in 
response to the position error signal from the detector 108. The detector 108 can be 
quardrature detector that is capable of detecting the pointing error and power variation 
within a beam. The depicted optical elements can be any suitable elements capable of 
performing the functions described herein, and can include commercially available 
components such as those sold by the Melles Criot Company. Other elements can be 
employed with the beam forming device 100 without departing from the scope of the 
invention. 

An embodiment where the optical attenuator and the optical power monitor are 
combined is shown in Fig.8. 50A represents the incident optical beam. Element 50 is a 
half wave plate, which will rotate polarization angle of the incident beam. Element 52 is 
a polarizing beam splitter dividing the beam into SOB and 50C, whereby the intensity 
ratio of SOB and 50C is entirely determined by the polarization angle of the beam 
incident on this polarizing cube. Thus, the outgoing beam can be attenuated to any 
amount with this device. A portion of the unused beam 50C is allowed to pass through a 
optical window 53 tilted at 45 degree and consequently dissipated by a roughened 
metallic plate 54 such as a coarse aluminum plate. Another portion is reflected by 
window 53 to reach a detector 55, and consequently amplified and conditioned by 56 to 
produce an electronic signal 57 proportional to the power level on the detector. When 
the optical power level out of the laser beam 50A is varied due to the unavoidable aging 
of the laser or other reasons, the power variation is sensed by the detector 55. The 
corresponding signal 57 can be injected into a control loop to adjust the laser power 



such that 50A remains substantially the same which also makes the output power SOB 
substantially the same. 

Turning to Fig. 9, one embodiment of a pattern generator capable of processing a 
beam provided by the system of Fig. 7. The pattern generator depicted in Fig. 9 receives 
an incoming beam 40, which is then split by the DOE 1 15 to form N multiple bands of 
beams 116. Each band also can contain M multiple beams 54 thereby providing an 
NxM matrix of beams each having substantially equal power and profile. The DOE 115 
can be a one piece 2-D Fourier array generator, or two 1 -Fourier array generators placed 
in series as described earlier. The lens 1 14 can project and focus the beams onto the 
magnetic tape 32. The power or energy of each focused beam is such that some of the 
tape surface will be ablated, thereby forming marks that make the optically detectable 
servo tracks on the magnetic tape 32. As the tape 32 moves along the tape path, N 
bands of servo tracks, each band containing M servo tracks, can be engraved onto the 
surface of the tape 32. 

Turning to Fig. 10, a further alternative embodiment of a pattern generator is 
depicted. In this embodiment, a number of parallel beams corresponding to the number 
of bands are generated by a segmented mirror 120, such as the segmented mirror 
depicted in detail in Figs. 1 1 and 12, and the servo tracks within the bands are generated 
by a DOE 117. The multiple beams are simultaneously focused on the tape via an array 
of lenslets 118. Another embodiment can consist of a segmented mirror in series with a 
double refractive crystal, such as quartz or Calcite, see Fig. 13. The beam separator 120 
splits the incoming beam into multiple (N) parallel beams with substantially equal 
power. A DOE 117 then spilt each of the (N) beams into a band of M beams of 
substantially equal power and angular separation. The N band of beams can be 
projected and focused by the depicted lense array 118 that comprises N lenses, one lens 
for each band that has been generated. The plurality of beams 54 are projected from the 
lens 50 and focused on the tape 32. The lens array 118 focuses each beam of light onto 
the surface of the tape 32 to ablate a portion of the tape and thereby form an optically 
detectable servo track thereon. 

Turning to Fig. 11 one suitable beam separator, a segmented mirror, 120 is 
depicted in detail. Specifically, Fig. 1 1 depicts an incoming beam 121 that is directed to 
a segmented mirror beam separator 120, which creates a plurality of beams 122 through 
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125. The segmented mirror 120 provides an optical flat coated with a pre-determined 
reflectivity, CI through C5, at each of the appropriate segment is tilted at 45 °° to the 
incident beam, 121. N parallel beams, 122 through 125, are generated upon successive 
bounces off the exit surface with an intensity of 1 / Nth of the incident beam. One 
example of a design for the segmented mirror 120 is depicted in Figs. 12A and 12 B, 
where the reflectivity A through E for a four beam generator are 0.75, 0.667 0.5, 0, and 
1 respectively. 

Fig. 12A presents a side view of the segmented mirror 120. More particularly, 
the Fig. 12 A depicts that the segmented mirror 120 can include a first surface 121 and a 
second surface 122. The two surfaces can be spaced apart about 3.6 mm, and are 
parallel to each other to about 1 minute. In one particular example, the segmented 
mirror 120 can have a length L G of about 23.7 mm. Fig 12B shows in more detail the 
relative spacing of the segments of the coated surface 121. Specifically, Fig. 12B shows 
that the surface 121 can be segmented into separate coated sections each having a 
coating of selected reflectivity. In Fig. 12B the distance to the edge of each coated 
segment is given as about 9.88nm, 13.83 nm, and 17.78 nm, for Lj L2,and L3 
respectively. On surface 122, as shown in Fig. 12 A, a similar segment, having a coating 
D, can be formed that extends about 7.9mm into the mirror, with a further segment, with 
coating E, extending for the rest of the length of the mirror. The substrate for the 
depicted segmented mirror 120 can be fused quartz, with a surface quality 20-10 scratch 
dig and flatness of about on fifth the wavelength for around about 532 nm. 

Turning now to Fig. 13, there is shown yet another method of generating multiple 
parallel beams. Here a segmented mirror 131, producing only two parallel beams is 
employed, followed by a double refractive crystal 133, whereby each incident beam is 
split into two beams of equal intensity, thus producing a total of four beams. The 
purpose of the half wave plate 132 is to control the polarization of the beams such that it 
is at a correct angle with respect to the double refractive plate 133. It should be noted 
that the 2-beam segmented mirror can be replaced by a double refractive crystal to 
achieve the same purpose. Such a format can be cascaded to produce a total of 2 n 
beams, where n is an integer. It will be noted that a two-beam segmented mirror and/or 
a double refractive crystal is typically simpler to manufacture than a higher order 
segmented mirror. The combined cost is typically less than a single higher order 
segmented mirror. 
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Returning now to Fig. 1, it can be seen that the tape 32 travels through a work 
area wherein a stabilizer element 34 is disposed. The stabilizer element 34 serves two 
purposes. One is to reduce the tape flutter that can occur as the tape moves through the 
work area. In the embodiment depicted in Fig. 1 the marking mechanism 12 employs an 
optical engraving system that focuses a beam, or beams of light onto the surface of the 
magnetic tape to improve the accuracy and uniformity of mark sizes formed on the 
magnetic tape The stabilizer reduces the flutter of the tape 32 thereby maintaining the 
tape 32 within the focal plan of the light employed for engraving the tape. Another 
purpose of the stabilizer is to reduce the LTM of the tape frequently mentioned in the 
earlier paragraphs. Such LTMs, if left uncontrolled, will produce in-band resonance in 
the servo loop, causing poor tracking performance. Any suitable system for stabilizing 
the magnetic tape 32 as it passes through the work area can be employed by the systems 
described herein without departing from the scope of the invention. 

One particular embodiment of a stabilizer 34 that can be employed with the 
systems described herein includes the stabilizer 130 depicted in Figs. 14A&B. The 
depicted stabilizer 130 provides a flat surface that can be disposed adjacent to one side 
of the magnetic tape 32 as the magnetic tape 32 passes through the work area. The 
stabilizer 130 acts to hold the magnetic tape 32 down against its flat surface 124. As the 
tape moves across that surface it is understood that a vacuum effect is achieved wherein 
a pressure differential occurs that acts to draw the magnetic tape against the flat surface 
124 reducing the likelihood that the magnetic tape 32 will lift off the stabilizer 130 and 
move out of the focal plain of the beams 42. The particular stabilizer 130 depicted in 
Figs. 14A and 14B approximately the width of the tape, which can be for example one 
half inch. The stabilizer 130 can have a flat surface formed of a ceramic material. 
Optionally a lateral bar, depicted as the member 122, can be disposed at one edge of the 
stabilizer to provide a surface that can butt against the edge of the tape 32. This bar 122 
reduces lateral tape movement and allows the servo track pattern to be more accurately 
positioned on the surface of the tape 32. Optionally, a second bar can be disposed 
opposite the depicted bar 122 to reduce lateral tape movement in both directions. 

The marking mechanism 12 further includes a verifier 24. Specifically, the 
depicted marking mechanism 12 includes a verifier 24 that is disposed proximate the 
tape 32 at a location wherein the tape 32 passing the verifier 24 has been marked by the 
marking mechanism 2. The verifier 24 can monitor characteristics of the servo track or 
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tracks engraved upon the tape 32. For the embodiment depicted in Fig. 1 the verifier 24 
is capable of monitoring a servo track that has been engraved by an optical marking 
mechanism onto the surface of the tape 32. However, depending upon the type of 
marking mechanism employed by the system, the type of verifier 24 used can vary. For 
servo tracks similar to those depicted in Figs. 3 and 4, the verifier 24 can monitor 
characteristic representative of the size of the marks that comprise the servo tracks, the 
spacing between individual marks in the same servo track, the track pitch between 
different servo tracks, and the spacing or pitch between bands of servo tracks. 

In one particular embodiment, the verifier 24 includes a optical element similar 
to that disclose in U.S. Patent Application No. 09/191,766, entitled Optical Apparatus 
For Tracking A Magnetic Tape, by Panish et al., and assigned to the assignee hereof, 
hereafter called the focalizer. As described therein, the focalizer can include a semi- 
conductor device capable of generating a laser beam that can be split into a plurality of 
separate beams and focused on the tape 32 via an lens element. The semi-conductor 
device can further include sensor elements capable of detecting light reflected back from 
the tape 32. This focalizer would be mounted on a motor driven shaft to move at a 
constant speed back and forth across the moving tape. In so doing, as marks are being 
written by the optical marking engine, two tracking S-curves would be obtained for each 
round trip across the tape width, for each of the focused beams on the tape. By 
measuring the amplitude of the S-curve, one can determine if the marks have the correct 
size and depth, and by measuring the periodicity one can determine the track pitch of the 
servo tracks. It can also readily measure the distances between the bands and the 
distance between the tape edge and the first track. Furthermore one can also subtract the 
two first order S-curves to obtain a push pull S-curve which is often used for tracking 
along a given track. All of the above data can be compared against the specifications to 
determine the quality of the tape and to generate a pass / fail criteria. 

Turning again to Fig. 1, a further element of the system 10 is depicted that 
provides for moving the tape 32 from the pancake spool 30 to the take up reel 28. 
Specifically, Fig. 1 depicts that the system 10 can include a transport control mechanism 
14 that couples between the marking mechanism 12 and the I/O control interface 16. 
The transport control mechanism 14 can be a control system capable of controlling the 
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movement of the tape through work area and capable of operating the motors (not 
shown) that turn the pancake spool 30 and take up reel 28. Optionally, the transport 
control mechanism 14 can control the speed at which tape moves through the work area. 
As can be seen from a review of Figs. 3 and 4, it will be understood that the relative 
positioning of marks and particularly the separation of marks on the same servo track 
depends, in part, on the speed at which tape passes through the work area. Accordingly 
to maintain a desired mark separation, the transport control mechanism 14 can receive 
information from the verifier 24 that indicates the mark separations on a servo track. 
This information generated by the verifier 24 can be transmitted to the transport control 
mechanism 14 and processed thereby for determining whether the tape speed should be 
increased or decreased to maintain a constant mark separation or separations. 

Optionally, the transport control mechanism 14 can also employ the verifier to 
ensure that tape is still passing through the work area 34. For example, when all the 
tape 32 is spooled off the pancake reel 30, the take up reel 28 will soon carry all tape 
and no tape will be present in front of the verifier 24. In this case, the verifier 24 can 
indicate that the marking of the tape 32 is complete and generate a signal for the 
transport control mechanism 14. In response to this signal, the transport control 
mechanism 14 can power down the take up reel 28 and end the marking process. 

Figure 1 further depicts an I/O control interface 16 that couples between the 
marking mechanism 12 and the transport control mechanism 14. As shown in Fig. 1, the 
control interface 16 can couple to the transport control mechanism 14 via a bi- 
directional data path. The transport control mechanism 14 and control interface 16 can 
employ the bidirectional data path to exchange data and control signals for operating the 
device 10. In one particular embodiment, the control interface 16 and transport control 
mechanism 14 communicate such that the control interface can transmit to the transport 
control mechanism 14 a verification signal representative of the quality or status of tape 
32 being manufactured by the system 10. This quality information can be employed by 
the transport control mechanism 14 to adjust the operation of the marking mechanism 
12, or to interrupt production of tape. For example, in one embodiment the transport 
control mechanism 14, in response to a verification signal indicating that tape of 
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insufficient quality is being manufactured, can send to the I/O control interface 16 a 
signal representative of a command to turn the laser 20 off. Such a signal prevents the 
marking mechanism 12 from further engraving a servo track onto the surface of the tape 
32. 



5 To have the signals generated by the transport mechanism 14 effect operation of 

the marking mechanism 12, the control interface 16 couples via a bi-directional data 
path to the marking mechanism 12. As shown in Fig. 1 the control interface 16 can 
receive information from the verifier 24. The information provided by the verifier 24 
can include information representative of the characteristics of the servo track being 
10 recorded onto the tape 32. Additionally, the control interface 16 can receive a laser 

status signal. A laser control path can be formed thereby for monitoring the status of the 
laser 20 as well as for controlling the operation of the laser 20, including turning the 
Jfr laser 20 on or off 

Sri 15 In an optional embodiment, the system 10 can further include a cleaner for 

Y removing debris from the surface of the tape after the tape has been marked with the 

O servo pattern. For example, the optical marking mechanism 12 depicted in Fig. 1 

fU employs a laser for ablating a portion of the magnetic tape surface. The ablation of the 

2 typically organic material that makes up the surface of the magnetic tape 32 results in 

yj20 smoke or debris that can clog or foul the tape 32 as it is later spooled onto the take up 

reel 28. To reduce or prevent the accumulation of debris within the spool of marked 
tape, the system can employ a cleaning mechanism that carries debris away from the 
tape. In one embodiment, the cleaner includes a two part cleaning device. A first 
element includes an air source that directs a flow of gas at the surface of the magnetic 
25 tape while the tape passes through the work area. This is understood to create a flow of 

gas that carries debris away from the tape as debris is ablated. In one particular 
embodiment, the air flow is generated by an air source that creates a laminar flow of gas 
between an air source and a vacuum source. The laminar flow of gas is carried across 
the surface of the magnetic tape as the tape passes through the work area. The laminar 
30 flow of gas carries debris away from the tape and into the vacuum source where it can 

be filtered and later properly treated. The second element that can be included in this 
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embodiment of the cleaner can include a conventional tape cleaner wherein a cloth-like 
material is placed in contact with the surface of the tape as the tape moves by. The 
cloth-like material cleans debris from the surface of the tape, thereby reducing or 
eliminating the likelihood that debris will foul the tape and perhaps obscure the newly 
formed servo pattern, as the tape is wound onto the take up reel 28. 

In a further embodiment, the marking mechanism can include a printing 
mechanism that allows a servo track to be printed onto the surface of a magnetic tape. 
In one embodiment, the printing mechanism includes an ink jet like printing cartridge 
capable of delivering a marking material to the surface of the magnetic tape 32. In one 
practice, the printing material delivered by the printing mechanism is a fluorescent 
material that can be optically detected under selected lighting conditions. The design 
and development of such printing mechanisms is well known in the art, and any suitable 
printing mechanism capable of delivering a marking material to the surface of a 
magnetic tape can be applied herewith. Alternative mechanisms for printing a servo 
track pattern onto the magnetic tape can also be employed. For example, an embossing 
mechanism can be employed for embossing a pattern onto the tape. To this end, a roller 
structure can be employed. The tape can be fed through the roller structure and a servo 
track pattern can be embossed onto the magnetic tape. In yet a further embodiment, a 
process for forming a servo pattern onto the magnetic tape can include a chemical 
process for etching, or developing, the servo tracks onto the magnetic tape. In such an 
embodiment, the manufacturing process can include manufacturing a magnetic tape that 
includes a surface that can be chemically etched, or photochemically altered, to have 
appear thereon a pattern representative of a servo pattern. In one practice, the magnetic 
tape can be developed similar to a photographic film wherein the tape, having been 
exposed to a light source to generate the selective pattern, is carried through a chemical 
bath that results in the formation of an optically detectable servo track on one surface of 
the magnetic tape. These and other practices can be employed with the systems and 
methods described herein for providing a magnetic tape having a servo track pattern 
thereon. 
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The systems and methods described above are merely illustrative of the systems, 
methods and products of the invention. Accordingly, it will be understood that the 
invention is not to be limited to the above described illustrative embodiments, but is to 
be interpreted in light of the claims which are to be read as broadly as possible under the 
law. 



-19- 



Claims: 



1 . A method for manufacturing a magnetic tape, comprising 

providing a spool of magnetic tape, 

unwinding the spool to pass at least a portion of the magnetic tape 

through a work area, 

marking said portion of the magnetic tape as said tape passes 
through the work area to form an optically detectable servo pattern thereon. 

2. A method according to claim 1, wherein marking said portion of the 
magnetic tape, includes forming a plurality of tracks on said portion of 
the magnetic tape. 

3. A method according to claim 1, wherein marking said portion of the 
magnetic tape includes forming a plurality of discrete longitudinally 
spaced marks. 

4. A method according to claim 1, wherein marking said portion of 
magnetic tape, includes forming multiple bands on said portion of the 
magnetic tape, each band comprising a plurality of tracks. 

5. A method according to claim 1, wherein marking said portion of 
magnetic tape includes controlling a characteristic representative of a 
profile of said servo pattern. 

6. A method according to claim 1 , wherein marking said portion of 
magnetic tape includes exposing said portion of magnetic tape to a source 
of radiation for forming said servo pattern. 
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7. A method according to claim 6, wherein exposing said portion of 
magnetic tape to a source of radiation includes directing a laser on to said 
portion of magnetic tape. 

8. A method according to claim 6, wherein exposing said portion of 
magnetic tape to a source of radiation includes pulsing a laser to provide 
an intermittent source of radiation and thereby forming said servo pattern 
in discrete sections. 

9. A method according to claim 6, wherein exposing said portion of 
magnetic tape to a source of radiation includes forming a laser beam into 
a pattern of spots and directing the pattern on to the magnetic tape. 

10. A method according to claim 6, including the further act of disposing a 
flat surface adjacent the section of tape passing through the work area to 
stabilize the tape by reducing transverse motion of the tape. 

11. A method according to claim 6, further including 

controlling a characteristic representative of the intensity of 
exposure to thereby control the profile of the servo pattern formed on the section of 
magnetic tape and reduce print through. 

12. A method according to claim 1, including the act of 

cleaning the magnetic tape subsequent to marking a servo track 

on the magnetic tape. 

13. A method according to claim 12, wherein cleaning the magnetic tape 
includes the act of flowing a gas across the surface of the tape to remove 
debris rom the tape. 
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14. 



A method according to claim 12, wherein cleaning the magnetic tape 
includes the act of contacting the magnetic tape with a cleaning material 
for removing debris from therefrom. 



15. A method according to claim 1, including the step of verifying a 

5 characteristic of the servo track for controlling quality of the servo track 

marked on the magnetic tape. 

16. A method according to claim 15, wherein verifying a characteristic 
includes measuring a characteristic representative of size of the servo 

10 track. 

~J 17. A characteristic according to claim 15, wherein verifying a characteristic 

W includes measuring a characteristic representative of location of the servo 

h*= track. 

S 15 

tfl 18. A method according to claim 1, wherein marking said portion of 

q magnetic tape includes applying an embossing roller to the tape to form 

2i the servo pattern thereon. 

JS20 19. A method according to claim 1, wherein marking said portion of 

magnetic tape includes printing the servo pattern on the tape. 

20. A method according to claim 1, wherein marking said portion of 
magnetic tape includes projecting an ink jet onto the tape for printing the 

25 servo pattern thereon. 

21 . A method according to claim 1 , wherein marking said portion of 
magnetic tape includes metallizing the tape to form the servo pattern 
thereon. 

30 
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22. A method according to claim 1 , that includes employing a photographic 
process to develop an image representative of the servo track pattern. 

23. A method according to claim 1, wherein marking the tape includes 
applying a flourescent material to the magnetic tape. 

24. A method according to claim 1, including the further act of burnishing 
the magnetic tape. 

25. A system for manufacturing magnetic tape having an optically detectable 
servo track, comprising 

a reel assembly for passing said magnetic tape through a work 

area, and 

a marking mechanism for forming an optically detectable mark on 
a side of said magnetic tape as said tape passes through said work area to form the 
optically detectable servo track thereon. 

26. A system according to claim 25, wherein said marking mechanism 
includes a laser for forming the servo track by engraving marks on the 
side of the magnetic tape. 

27. A system according to claim 26, including a stabilizer having a flat 
surface disposed adjacent said magnetic tape and capable of attracting the 
magnetic tape as the magnetic tape passes over the surface, thereby 
reducing flutter of the passing tape during marking by said laser. 

28. A system according to claim 27, wherein said flat surface comprises a 
ceramic material. 

29. A system according to claim 27, wherein said stabilizer includes a 
mechanical stop disposed on the flat surface for interfering with lateral 
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movement of the passing magnetic tape, thereby reducing lateral 
movement during marking by said laser. 

A system according to claim 25, further comprising a cleaner for 
removing debris from said tape as said tape passes through said work 
area, thereby preventing particulate debris from fouling the magnetic 
tape. 

A system according to claim 30, wherein said cleaner includes an air 
source providing a flow of gas across a surface of said magnetic tape, for 
carrying debris away from the tape. 

A system according to claim 30, wherein said cleaner includes a tape 
cleaner in contact with a surface of said magnetic tape for removing 
debris therefrom. 

A system according to claim 25, further comprising a burnisher for 
burnishing said magnetic tape. 

The system according to claim 25, further including a verification sensor 
capable of detecting said servo track and of measuring a characteristic of 
said servo track, said characteristic being representative of successful 
recording of said servo track on to said magnetic tape. 

A system according to claim 34, wherein said verification sensor includes 
an edge detector for detecting an edge of the magnetic tape. 

A system according to claim 34, wherein said verification sensor includes 
an optical sensor for detecting an optically detectable characteristic of 
said servo track. 
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A system according to claim 34, wherein said verification sensor includes 
an optical sensor for detecting an optically detectable characteristic 
representative of the presence of the mark on said magnetic tape. 

A system according to claim 34, wherein said verification sensor includes 
means for detecting an optically detectable characteristic representative 
of the size of the mark on said magnetic tape. 

A system according to claim 34, wherein said verification system 
includes means for detecting an optically detectable characteristic 
representative of the location of a mark on said magnetic tape. 

A system according to claim 34, wherein said verification system 
includes control means for controlling the marking mechanism, in 
response to said characteristic representative of successful recording of 
the servo track on the magnetic tape. 

A system according to claim 26, wherein said marking mechanism 
includes a laser. 

A system according to claim 41, wherein said laser comprises a pulsed 
laser. 

A laser according to claim 41, wherein said laser comprises a continuous 
wave laser. 

A system according to claim 41, wherein said marking mechanism 
includes a beam forming device for conditioning a beam generated from 
said laser to have selected characteristics. 
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45. A system according to claim 44, wherein said beam forming device 
includes an attenuator for controlling a characteristic representative of the 
power of said beam. 

46. A system according to claim 44, wherein said beam forming device 
includes means for controlling a characteristic representative of the 
pointing of said beam. 

47. A system according to claim 44, wherein said beam forming device 
includes a control system for providing close-loop control over a 
characteristic representative of the power of said laser beam. 

48. A system according to claim 44, wherein said beam forming device 
includes a control system for providing close-loop control over a 
characteristic representative of the pointing of said laser beam. 

49. A system according to claim 44, wherein said marking mechanism 
includes a pattern generator for forming said conditioned beam into a 
predetermined waveform comprising an array of beams. 



50. A system according to claim 49, wherein said pattern generator includes 
a diffractive optical element comprising a one-dimensional Fourier array 
element having a continuous phase profile for splitting each incident beam into multiple 
beams. 



51. A system according to claim 49, wherein said pattern generator includes 
a first and a second diffractive optical element for forming said 

conditioned beam into a predetermined waveform comprising a matrix of beams. 

52. A system according to claim 49, wherein said pattern generator includes 
means for forming controlling pitch between beams in said matrix of 
beams. 
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53. A system according to claim 25, further including means for generating 
an intermittent servo track having variable spatial frequency. 



54. A system according to claim 25, including means for controlling the size 
of said servo track marked on said magnetic tape. 

55. An adaptor board capable of being integrated into a system for 
manufacturing magnetic tape, comprising 

a roller assembly for carrying magnetic tape through a work area, 

and 

a cutting mechanism for inscribing a servo track onto said 

magnetic tape, said cutting mechanism including 

a laser for projecting a laser beam along an optical path, 
a beam forming device disposed within said optical path 

and capable of controlling characteristics of said laser beam to form a conditioned beam 

having a selected beam size and power, and 

a pattern generator for forming said conditioned laser 

beam into a predetermined waveform, and for projecting said predetermined waveform 

into said work area for forming said servo track on said magnetic tape. 

56. A method or manufacturing a magnetic tape, comprising 

providing a spool of magnetic tape, said magnetic tape having a 
recording side and a non-recording side, 

unwinding the spool to pass at least a portion of the magnetic tape 

through a work area, 

marking said portion of the magnetic tape as said tape passes 
through the work area to form on said non-recording side a servo pattern. 

57. A magnetic tape having a servo track thereon, and formed by a process 
comprising the steps of 

passing a portion of the magnetic tape through a work area, 
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directing a laser beam at said portion of magnetic tape as it passes 
through the work area, and 

operating said laser beam to mark said portion of the magnetic 
tape to form an optically detectable servo pattern thereon. 
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Abstract 

The systems, methods and products of the invention include systems and 
methods for manufacturing servo tracks on a magnetic tape. In one aspect, the invention 
includes systems for manufacturing magnetic tapes having servo tracks thereon wherein 
the servo tracks are optically detectable and are capable of being processed by a servo 
control system for maintaining alignment of a magnetic recording head with the data 
tracks on the recording side of the magnetic tape. In one practice, the manufacturing 
systems described herein engrave the servo tracks onto the non-recording side of a 
magnetic tape by directing a laser beam at the non-recording side of the magnetic tape. 
In another practice, the manufacturing systems described herein engrave the servo tracks 
onto the magnetic side of a magnetic tape by directing a laser beam at the magnetic side 
of the magnetic tape. Such engraved patterns can act as optical servo tracks for 
maintaining alignment of the recording head with the data tracks on the magnetic tape. 
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